Multiple intrapulpal denticles were observed in maxillary incisors of control and treated B6C3F1 mice used in a chronic inhalation study. Histologically, the denticles originated from multiple small budlike projections emanating from the epithelial sheath, immediately adjacent to the pulp chamber. The denticles were round to ovoid in shape with a central cavity surrounded by tubular dentin. Immature denticles contained epithelial cells within the central cavity, whereas mature denticles were either devoid of cells or contained cell fragments. A layer of columnar odontoblasts surrounded the outer surface of each denticle. Denticles advanced in a coronal direction as the incisors grew. With continued incisor growth, some denticles impacted the tooth wall and were associated with defects in dentinogenesis , altered tooth shape, and microfractures. Some denticles became partly or entirely incorporated into the dentin of the tooth. Intrapulpal denticle formation may represent a previously unidenti ed alteration that could contribute to the developmen t of dental dysplasia in mice by interfering with normal tooth development and predisposing affected teeth to malformation and biomechanica l failure with fracture.
INTRODUCTION
Malformed or dysplastic maxillary incisors represent one of the more common spontaneous background dental alterations in rodents (6) . Similar alterations are also referred to as malocclusion syndrome (2) and incisor dystrophy (4) . Most cases of incisor dysplasia in rodents are attributed to traumatic or in ammatory damage to the formative organ of the tooth. Fracture, nutritional alterations, in ammation, hormonal disturbances, excessive or abnormal wear, exposure to certain chemicals, and radiation exposure can all contribute to incisor dysplasia in rodents (4-6, 10, 11) .
Identifying and understanding factors that may predispose rodent teeth to abnormal development (dysplasia) or malformation are important because such alterations have the potential to adversely in uence the outcome of rodent toxicity studies by contributing to decreased weight gain and early mortality (1, 6, 9, 10) . Dental dysplasia could also complicate the interpretation of inhalation toxicity studies by contributing to the development of in ammatory and obstructive lesions in the nasal cavity (4, 6) . In addition, dental dysplasia may contribute to the development of odontogenic neoplasms and nasal squamous cell carcinoma (2) . The purpose of this study was to characterize a spontaneous maxillary incisor alteration seen in B6C3F1 mice and to assess its potential relationship to incisor dysplasia.
METHODS
Decalci ed, H&E-stained nasal sections containing incisor and molar teeth from 8 female and 4 male B6C3F1 mice used in a 2-year inhalation study conducted for the National Toxicology Program (NTP) were selected for examination as part of a pathology peer review. The nose was decalci ed using 10% formic acid. Sections were then taken from 3 standard levels through the nose (3). The sections were examined from control and treated groups.
RESULTS
Multiple incisors from three mice (2 control and 1 treated) had 1 or more intrapulpal denticles that originated from small budlike projections emanating from the epithelial sheath, immediately adjacent to the pulp chamber ( Figure 1 ). The epithelial buds projected into the pulp where adjacent pulp mesenchymal cells differentiated into columnar odontoblast s ( Figure 2 ). Nuclear pyknosis affecting a few cells was apparent in the epithelium underlying the forming denticle. The odontoblasts formed a single layer perpendicular to the outer margin of the bud. Odontoblasts deposited tubular dentin along their interface with the epithelial bud while the buds gradually lost contact with the parent epithelium of the sheath (Figure 3 ). Once free within the pulp, the denticles appeared as discrete round to ovoid dentin shells with a central cavity and a single outer layer of columnar odontoblasts ( Figure 4 ). The centrally located epithelial cells gradually underwent degeneration while dentin formation continued ( Figure 5 ).
Sections taken at different levels of the same tooth revealed that the denticles advanced as the tooth continued to grow. Some denticles were observed to impact the inner portion of the tooth wall causing focal degeneration and loss of odontoblasts ( Figure 6 ). This resulted in disruption of dentinogenesis at the point of contact with the tooth wall and the denticle. Denticle formation was also associated with altered tooth architecture and discontinuities in the tooth structure that resembled microfractures without any reactive response . Once in contact with the tooth wall, odontoblasts continued to deposit dentin along the free margin of the denticle and, with continued incisor growth, some denticles became partly or entirely incorporated into the dentin of the tooth (Figures 9-10 ). This latter nding was most evident in -Mature denticles (D) are in the process of being incorporated into dentin of the tooth wall (W). Note asymmetric denticle shape caused by selective dentin formation along the pulpally exposed surface. Bar 50 l m. (Folding artifact was electronically removed from the photomicrograph .) 10.-Distortion of normal tooth architecture caused by denticles (arrows) impacting and becoming incorporated into the tooth wall. A small amount of pulp tissue (P) is trapped at the denticle-toot h wall interface. Bar 50 l m. (Staining artifacts were electronically removed from the photomicrograph .) the more anterior sections of some incisors. Denticles that were fully incorporated into the tooth wall were no longer lined by odontoblasts and were intradentinal rather than intrapulpal, but could be detected by their central cavity and their general outlines.
DISCUSSION
The formation of calci ed bodies within the dental pulp is associated with several factors including inductive interactions between cells of the epithelial sheath and cells of the dental papilla, chronic irritation of the pulp tissue, and agingrelated changes in the pulp tissue. Denticles form via inductive interactions between epithelium and pulp tissue. They invariably possess a central cavity surrounded by a shell of tubular dentin (8) . Immature denticles have cells within the central cavity, whereas mature denticles do not. The outer margins of immature denticles are lined by odontoblasts, whereas those completely embedded within the tooth wall are not. In contrast, pulp stones (also known as false denticles) are dense and compact, and form around foci of calci ed pulp tissue (7, 8) . Some pulp stones have a calci ed basophilic core that is surrounded by a mixture of tubular and atubular calci ed tissue. Pulp stones frequently occur in association with diffuse calci cation of the surrounding pulp tissue.
The term "intrapulpal denticle" is recommended as the preferred term for these lesions. This is based on their location (within the pulp) and their method of formation, which replicates the epithelial inductive phenomena that occur in normal tooth development (8) . Their occurrence may represent a spontaneous developmental defect rather than a secondary response to injury. The latter hypothesis is supported by the presence of intrapulpal denticles in teeth that lacked evidence of prior injury or disease. Nuclear pyknosis noted in the epithelium underlying the forming denticle was consistent with an apoptotic process, but its relation to the malformation that produces the denticle was unclear. Epithelial-induced denticles have also been reported in the pulps of recently erupted, noncarious human premolars. Their formation was attributed to a slight disturbance in the normal developmental sequence of root formation (8) . Documenting the occurrence, as well as the incidence, of such background alterations is important because such information can aid in interpreting the results of rodent toxicity studies. In addition, this type of information is helpful when monitoring for phenotype changes within different strains of rodents.
Three observations suggest that intrapulpal denticle formation may represent a previously unrecognized alteration that could predispose rodent incisors to malformation. The rst observation is that some denticles impacted the inner portion of the tooth wall creating focal loss of odontoblasts, 748 LONG AND HERBERT TOXICOLOGIC PATHOLOGY disruption of dentinogenesis, and architectural changes in affected teeth. Secondly, denticles that impacted the tooth wall and disrupted dentinogenesis were associated with tooth discontinuities that resembled microfractures. Thirdly, some denticles became partly or completely incorporated into the dentin structure of the tooth wall, creating defects in its structure. Although a cause and effect relationship has not been demonstrated, these denticle-associated alterations in tooth structure could alter the normal growth pattern of incisors and predispose them to biomechanical failure and fracture. Such events could contribute to incisor malformation or malocclusion in B6C3F1 mice. It should be recognized, however, that denticles are a component part of abnormal tooth development that includes malformations, malocclusion, and fractures and are not the exclusive cause of them. Based on examination of 12 B6C3F1 mice in this study, the incidence of spontaneous intrapulpal denticles in this strain could be as high as 25% (males and females combined, with 1 or more lesions). Such a high incidence seems unusual given that this alteration has not been previously reported in B6C3F1 mice used in NTP studies or commented about in the literature for other strains of laboratory mice. This suggests that the alteration was unique to this group of mice and/or that it has not been previously recognized. The possibility that routine sections do not include the site of the lesion was discounted because nasal tissues in this study were sectioned routinely as required for NTP studies (3). Retrospective examination of a larger population of B6C3F1 mice from 90-day as well as 2-year studies should provide a better estimate of the incidence of intrapulpal denticles and de ne any age or sex differences.
